The pressure regulation of the aerated middle ear is a complex mechanism involving the middle and the Eustachian tube fFTTbl ,f mUC0Sa a«c rFFk • The mucosa allows slow gas diffusion, whereas thp ft S ie^T Sre P So reS , °V er the laSt few de - cases of properly functioning ET. This allows the derivation of parameters, which quantify the functionality of the ET depend ing on the relation of chamber pressure and TM impedance. The following parameters were investigated in detail: a) Eustachian tube opening pressure (ETOP): the pressure difference between the ear canal and tympanic cavity at which the ET passively opens, b) Eustachian tube closing pressure (ETCP): the pressure difference between ear canal and tympanic cavity at which the ET passively closes after having passively opened; it also can be labeled as tissue pressure, and c) Eusta chian tube opening duration (ETOD): the period between the 2 latter events.
To obtain the ETOP, the difference of chamber pressure at the beginning of decompression phase and at the instant of the spontaneous opening of the ET is calculated. The ET opening can be detected by a rapid decrease in the continuously mea sured TM impedance. When the overpressure in the tympanic cavity has decreased to a certain level, the antagonistic tissue pressure in the epipharynx induces an abrupt closing of the ET. At the end of each ET opening period, the impedance reaches a local minimum (Fig. 1) , and the TM impedance starts to increase again slowly. The ETCP is calculated indirectly by the mean value of the first 5 local minima of the TM impedance. The corresponding chamber pressure is derived from the period of the first increase of the TM impedance at the beginning of the decompression phase (Fig. 1 ). This period must be considered to avoid ambiguity of the ETC.P determination; the interrelation ship between TM distension and changes of ambient pressure is not directly proportional but rather follows a function with hys teresis. The time duration between the first local maximum and minimum of the TM impedance is denoted as ETOD (Fig. 1) .
The overall characteristics of the TM impedance during the increasing and subsequently decreasing chamber pressure are denoted as patterns and can be classified into different cate gories (21) . Active maneuvers to equalize pressure during the compression phase and passive ET opening during the decom pression phase, thus respectively leading each time to pressure equalization, resulted in a pattern classified as "normal." Be cause of the use of a hyperbaric chamber, the initially increasing 
FIG. 2. Illustration of Laser application in minimally invasive
Laser Eustachian tuboplasty with a fiber-guided diode laser at the epipharyngeal ET ostium (right side).
pressure and resulting relative underpressure in the middle ear can build up a pressure gradient causing a blockage of the ET at the beginning of the pressure exposure. This leads to the fol lowing pattern: a continuous impedance rise to a maximum value was reached during the compression phase and active pressure equalization attempts were ineffective. The impedance level remained elevated until the end of the decompression phase then dropping back to the initial value. In those cases, the pattern was termed blocked, and the ET function was qualita tively classified as impaired. No quantification of the ET func tion was possible in those cases. A change from a "blocked" to "normal" pattern pre-and post-LETP was assessed as an im provement in ET function.
Minimally Invasive Laser Eustachian Tuboplasty
A unilateral transnasal fiber-guided diode laser ablation (6020, Lumenis, CA, USA) was perforated on the dorsal cir cumference of the epipharyngeal tubal ostium (812 nm, 5 W, continuous wave) (Fig. 2) . In the event of bilateral disease, the more severely affected ear was selected. Multiple, juxtapositioned point-shaped tissue ablations were performed on the poste rior margin of the ET ostium, avoiding corresponding deepithelialized zones in the central orifice of the ET. The number of laser applications depended on the size of the treated area. If pathologic findings were evident in more than 1 region (epi pharyngeal soft tissue, ET ostium, lower turbinate), more regions were treated simultaneously. To prepare the patient, the nose and the nasopharynx were decongested with naphazoline (0.1%) and locally anesthetized with tetracaine solution (3%) and lidocaine gel (2%) for 20 minutes. All examinations and procedures were performed with the patient in a resting position and documented on video. The patients were examined preoperatively and between 2 and 4 months after minimally invasive LETP by ENT exam ination, exploratory ET function tests, and pressure chamber ET function test. Based on the video documentation, the morpho logic initial situation of the ET ostium and the postoperative results were evaluated.
Statistics
Data were presented as mean ± standard deviation (SD). Nor mal distribution was confirmed using a one-sided KolmogorovSmirnov test. The / test for dependent random variables was used to evaluate differences in means between tests. The McNemar's test and the y 2 test were used for comparison of categorized data. The null hypothesis that measured data preoperatively and postoperatively are equal was tested with a significance level set at p < 0.05. Preoperative and postoperative results of the exploratory ET func tion tests and the pressure chamber ET function test. Number of patients with a a-type tympanometry, and the corresponding pressure peaks in daPa, number of patients with a positive Valsalva maneuver, number of patients with a normal pressure chamber test result and the corre sponding ETOP = Eustachian Tube Opening Pressure in mbar measured in the pressure chamber.
Preoperative Tests
the preoperative values (p < 0.851 and p < 0.145). Fun damental preoperative and postoperative data of the test results are summarized in Tables 1 and 2 .
DISCUSSION
Apart from the ventilation of the middle ear, normal functions of the ET include a drainage of middle ear se cretions, a protection of the tympanic cavity from pha ryngeal secretions, negative pressure (during inspiration), and sound (11). The deployed minimally invasive LETP was addressed solely to enhance the middle ear venti lation. In fact, no severe side effects like a patulous ET were reported in recent studies, and none was seen in this study. In recent studies, high rates of normalization of middle ear ventilation using LETP were reported. The efficacy of ET surgery was assessed only subjectively or via indirect methods of measuring the ET function. (6-9). In our study, the surgical outcomes published previously could be reproduced using the pressure chamber ET func tion test for quantifying the ET function.
In the development of ET surgery, procedures focus ing on the bony ET isthmus were abandoned because of possible complications and lack of long-term success (2). Even so recently, a study group proposed balloon di latation Eustachian tuboplasty (BET) in patients with poor ET function and reported successful treatment of 8 patients (13) . An effect on the cartilaginous and bony portion of the ET was assumed. However, no effect on the ET ostium or on hyperplastic tissue in the epipharynx can be achieved by this method. Patients with hyperpla sia of soft tissue in the epipharynx often show DPE and are affected especially when there is an upper respira tory tract infection (21) . Today, many people depend on air transportation in their work mobility. Flight personnel can experience long-lasting or even permanent DPE causing significant costs to airline companies. To identify people with a deficit in ET function, single test methods are limited. Using tympanometry or Valsalva maneuver in clinical routine, the medical condition of our patients could be objectified with less accuracy compared to the pressure chamber ET function test. This is in agreement with findings suggesting that tests widely used for rough calculation of ET function cannot reliably detect ETD (22). On the other hand, in 13 of 30 symptomatic patients, the pathologic ET function was not detected by pressure chamber ET function testing alone. In 4 of the patients with a normal pressure chamber ET function test, a path ologic Valsalva maneuver or tympanogram was present. Three of these symptomatic patients showed a high ETCP, which also could be carefully interpreted as a decreased ET function.
Patients with a normal pattern in the pressure chamber showed a significant reduction of ETCP after minimally invasive LETP. This effect can be attributed to the re duction of soft tissue in the epipharyngeal ET ostium area and is in agreement with the concept of ETCP as a parameter accounting for the tissue pressure. Because of a lack of general standard values for the ETCP, one could not yet use this parameter as a predictor for impaired ET function in obstructive ET disorders. Quantitative reviews of ETOP, ETCP, and ETOD are not available at a higher level of evidence. One future field of interest is to generate general standard values for these parameters.
The results of the clinical ET function tests are not thoroughly consistent with the pressure chamber ET test. After LETP, the pressure chamber ET function test changed from blocked to normal in 5 patients that still had a pathologic finding in Valsalva maneuver or tym panometry. This supports the accuracy of the pressure chamber ET function test. In contrast, a blocked pattern in the pressure chamber ET function test was measured in 5 patients after LETP, whereas the clinical tests had improved. This shows that a combination of different methods should be used for ET function assessment.
The pressure chamber ET function test is a good tool for ET function assessment but should be interpreted in completion with clinical tests. To accurately identify symptomatic patients, not one single test method seems appropriate, but a combination of different methods should be interpreted.
Previous studies used the continuous impedance method to examine the ET function in a hypobaric chamber (16) (17) (18) . To reduce risk and discomfort to the patient with an impaired ET function, the measurements in our study were performed in a hyperbaric setting. In case of painful events during compression, the chamber pressure could be lowered to normal pressure at any time. In a hypobaric chamber, an interruption during the compression phase must be followed by further compression until ambient pressure is reached, potentially harming the middle and inner ear.
Concurrently, the use of a hyperbaric chamber seems to be a limiting factor of our study. Because of the resulting relative middle ear underpressure in the initial compres sion phase, a blockage of the ET in patients with ETD to Sw2»r, b "TS m T°™" L nward n, ov ™=" t » f ctate measuremeni of imMance^cha^e,™™ fbT with minor ETD. To assess this efr . 7 n m P atl ents pressbn with a return to amiv 3 yper^ar ' c corntesting with initSTeoo^ 
